A naturally occumng case of Tyzzer's disease due to infection with Bacillus piliformis in a wolfdog hybrid resulted in widely disseminated lesions, including severe myocarditis, hepatitis, enterocolitis, intestinal leiomyositis, and adrenal cortical adenitis. Previously reported lesions for canine Tyzzer's disease have been limited to hepatic necrosis and a necrotizing enterocolitis.
In previous descriptions of canine Tyzzer's disease, reported lesions due to infection with Bacillus piliformis have been limited to hepatic necrosis and necrotizing enterocolitis. 1+7, 9 In this paper, we describe a case of naturally occumng Tyzzer's disease in a wolf (Canis lupus)-dog hybrid puppy that resulted in severe necrotizing myocarditis, intestinal leiomyositis, and adrenal cortical adenitis, in addition to hepatic necrosis and necrotizing enterocolitis. This spectrum of lesions has been previously reported in cases of Tyzzer's disease in other species but not in wild or domestic ca-An unvaccinated 8-9-week-old wolf-dog hybrid was presented to the Colorado State University Veterinary Teaching Hospital for lethargy, vomiting, and diarrhea of three days duration. The dog died within 24 hours after admission. Five additional puppies in the litter were clinically normal. The 2-year-old wolf hybrid bitch had been vaccinated against canine distemper, adenovirus-2, leptospira, and parvovirus at 12 and 16 weeks of age, but only killed rabies vaccines had been administered since that time. During the last year, the owner reported no known disease problems, but typically one puppy from each litter (litter averages of five or six puppies) would die with minimal clinical signs, and two young adult breeding animals had died unexpectedly with minimal abnormalities. Necropsies were not performed on these animals.
Gross examination of the heart of the dead puppy revealed extensive, transmural, irregular, multifocal to coalescing, raised, pale gray areas throughout the myocardium that involved right and left ventricular and atrial free walls and the interventricular septum ( Fig. 1 ). The mucosa of the ileum, cecum, and proximal large intestine was reddened, with multiple irregular, up to 0.3-cm-diameter granular foci covered nids. 1,2,+7,9 by a tan-colored exudate. The intestinal lumen contained blood admixed with mucus. Gross lesions were not noted in the liver.
Microscopic examination revealed foci of necrosis within multiple tissues. The myocardium had irregular, multifocal to coalescing, moderate to marked infiltrates of macrophages and neutrophils, with fewer lymphocytes around individualized shrunken myofibers. In many fields, there was a marked disorganization of muscle bundles, with loss and degeneration of myofibers ( Fig. 2 ). In the liver, there were random foci of hepatocellular necrosis, with infiltrates of macrophages and neutrophils and fewer lymphocytes. The ileum had foci of epithelial necrosis primarily within the crypts of Lieberkuhn. Many of the crypts were dilated with accumulations of cellular debris and degenerative neutrophils, and the lining epithelium was flattened. The mucosa of the cecum and proximal large intestine also had occasional foci of superficial epithelial necrosis, with moderate infiltrates of neutrophils in the lamina propria. Within the muscularis mucosa and the tunica muscularis of the large and small intestines, there was extensive degeneration of smooth muscle fibers, with moderate infiltrates of macrophages, neutrophils, eosinophils, and lymphocytes. The cortex of one adrenal gland had a focus of neutrophils associated with individual adrenal cortical epithelial cell degeneration and necrosis. Warthin-Starry and/or Steiner silver impregnation techniques revealed numerous large, filamentous bacilli ( Fig. 3) , which were often arranged in parallel and interlacing bundles within the cytoplasm of hepatic, myocardial, intestinal smooth muscle, intestinal epithelial, and adrenal cortical epithelial cells, which were usually adjacent to areas of necrosis. These organisms stained faintly with hematoxylin and eosin (HE), periodic acid-Schiff (PAS) reaction, and Geirnsa stains and were gram negative. Bacilli within intestinal smooth muscle and cardiac muscle cells stained more faintly with Geimsa stains than did bacilli within epithelial and hepatic cells.
In addition, there was severe diffuse lymphoid depletion of the spleen and mesenteric lymph nodes. The spleen was characterized by an absence of penarteriolar lymphoid sheaths, with scattered small lymphocytes and increased numbers of histiocytes within the red pulp. The mesenteric lymph nodes were characterized by an absence of lymphoid follicles, and only a few small lymphocytes and plasma cells were scattered throughout the paracortical regions and medullary sinuses. Within the sinuses, there were increased numbers of histiocytes, and in one section there were numerous Mott cells.
The diagnosis of Tyzzer's disease in this animal was made based on the characteristic microscopic lesions and the structure and staining pattern of the organisms observed within cells adjacent to areas of necrosis. In all species, the most frequently seen lesion in Tyzzer's disease is multifocal, distinct, often periportal hepatocellular necrosis with infiltrates of neutrophils and mononuclear cells. Mild necrotizing enterocolitis is usually seen in the ileum, cecum, and proximal large intestine. Myocardial necrosis and intestinal smooth muscle necrosis with infiltrates of neutrophils and mononuclear cells are less commonly reported. When the heart is affected, the lesions are often extensive and severe. A definitive diagnosis requires the demonstration of intracellular bacilli compatible with B. piliformis in apparently viable cells at the periphery ofthe le~ions.~B. pilzformis is a pleomorphic, filamentous, spore-forming, obligate intracellular bacillus, which may be found within hepatic, intestinal epithelial, smooth muscle, and myocardial cells of infected animals3 B. piliformis stains faintly with HE and is PAS positive and gram negative. Warthin-Starry impregnation techniques are preferable for demonstrating the bacilli in tissue sections. Bacilli within hepatocytes and intestinal epithelium can be demonstrated with Geimsa stains, but organisms within smooth muscle and cardiac muscle often stain poorly with Geimsa stains3 Culturing the organism is difficult, and B. piliformis cannot be grown on cell-free medium.2
Tyzzer's disease is usually an epizootic, fatal infection of young animals, and naturally occurring infections have been The marked lymphoid depletion observed in this puppy is compatible with lymphoid destruction resulting from a previous viral infection or improper development of the immune system. Similar lesions occur following infection with canine distemper virus or canine parvovirus-2 in dogs and combined immunodeficiency syndromes as seen in Arabian foals and severe combined immunodeficient mice. l o In this puppy, severe immunosuppression may have resulted in a more widely disseminated infection than is typically seen in canine Tyzzer's disease, or the infection may have been due to a particularly virulent biovar. Lesions compatible with active canine distemper virus or canine parvovirus-2 infections were not evident. An antemortern fecal enzyme-linked immunosorbent assay for canine parvovirus-2 antigen was negative. Canine Tyzzer's disease typically occurs in 5-7-canine distemper virus infection; immunosuppression has been suspected in other
